Abstract
Background. Self-management has been associated with positive health outcomes among adults with chronic kidney disease (CKD). Perceived disease-related self-efficacy (DSE) is considered a critical component in the successful self-management of chronic disease. A valid and reliable instrument for measuring CKD patients' self-efficacy is needed. This study aims to develop and test a new instrument to measure the DSE of patients with early stage CKD.
Methods. A total of 594 Taiwanese patients with early stage CKD recruited from two medical centers and one regional hospital in southern Taiwan completed the questionnaire. The CKD self-efficacy (CKD-SE) was evaluated using exploratory factor analyses (EFA) and measures of reliability. Results. EFA identified four distinct factors with loadings ranging from 0.557 to 0.970: autonomy, self-integration, problem solving and seeking social support, accounting for 64.348% of the total variance. Cronbach's alpha
Introduction
Chronic kidney disease (CKD) is a worldwide public health problem with an increasing incidence and prevalence and high cost [1] . In the USA, data from national surveys indicate that the prevalence of CKD among adults increased from 10% (1988-94) to 13% (1999) (2000) (2001) (2002) (2003) (2004) ) over the 10-year period from 1994 to 2004 [2] . Untreated CKD can progress to end-stage renal disease (ESRD) requiring dialysis or kidney transplantation. The incidence and prevalence of ESRD in Taiwan have become the highest in the world [3] . In 2010, around 62,000 dialysis patients in Taiwan accounted for 0.27% of the total insured population (of 23 074 487) while the medical expense (approximately 308 billion) for dialysis treatment was 7% of the total insured expenditure ( just under 4394 billion) [4] . Empirical evidence indicate that the burden of CKD is a global challenge. Obviously, it is crucial for health care providers to shift attention and health care priority to the optimal management of early disease by fostering self-management of patients with early stage CKD.
To delay CKD progression and achieve a balanced life, patients must learn to incorporate treatment recommendations with their life circumstances. Findings from a qualitative study revealed that self-management experience is a process of renegotiating life with CKD [5] . Activities of self-management varied from the preventative activities to the day-to-day tasks, such as strict blood pressure control, reduction of proteinuria, taking multiple medication, quitting smoking or reducing alcohol consumption, renegotiating their days around treatment appointment and struggling with the prescribed regime and restrictions and so on [5] . These self-management tasks illustrated that patients need to address the behavioral and psychological complexities inherent in their chronic conditions, which also reflect the attributes of self-management of CKD (i.e. self-integration, problem solving, seeking social support and adherence to recommended regimen) found in our current study [6] .
Recent studies suggest that self-management support intervention could effectively slow the progression of CKD [5, 7] . Because of the chronicity of CKD, patients need to make many lifestyle changes to prevent or delay progression. Thus, CKD patients have to adopt difficult long-term self-management behaviors as it is the patient, not the health care providers, who are responsible for the daily management of their chronic condition [8, 9] . Perceived disease-related self-efficacy (DSE) is considered a critical feature in the successful daily self-management of chronic diseases [10] [11] [12] and is defined as an individual's confidence in their ability to overcome barriers in order to perform disease-specific self-management behaviors [13, 14] . A study by Curtin et al. [15] indicated that ESRD patients with high self-efficacy had more appropriate and effective self-management behaviors. Thus, greater self-efficacy may improve outcomes through the application of specific self-management behaviors designed to prevent the worsening of chronic illnesses [12, 15, 16] . On the contrary, failure to believe in one's ability to carry out recommended self-management behaviors is likely to cause patients to forgo these behaviors and thus lose control both of their disease and of a positive sense of psychological well-being [17] .
Previous studies have indicated that patients with higher self-efficacy have better self-management, such as adherence to therapeutic or medication regimen [11, 12] , performance of recommended self-care activities [11, 18, 19] , problem solving [12, 18, 19] , open communication [12, 20] and patients-provider partnership [12, 18, 19] . Accordingly, health care providers should teach the skills related to self-management of chronic disease in a way that helps patients become confident that they can perform these skills on their own as well as solve problems and overcome barriers that may impede successful chronic disease self-management [19] . In order to evaluate interventions designed to improve the ability of patients to manage their CKD on a daily basis, it is essential to develop a valid and reliable instrument to assess patients' perceived DSE in performing CKD self-management. Yet, to our knowledge, no instrument has been developed to measure the efficacy in self-management among early stage CKD patients. Thus, the purpose of this study was to develop and validate a new instrument to measure the DSE of patients with early stage CKD.
Materials and methods

Item development and pre-testing
To identify the dimensions for generating an items pool, we reviewed relevant published literature [11, 12, 18, 19] that included the first author's published doctoral dissertation [21] and her review article on patients' self-management of chronic illness [22] . Six dimensions for CKD self-efficacy (CKD-SE) instrument were thus identified: (i) actively learn the skills and knowledge necessary to control CKD; (ii) interact productively with health professionals and significant others; (iii) solve problems related to CKD; (iv) engage in productive CKD self-care; (v) self-integration and (vi) manage emotions effectively.
Based on the above mentioned six dimensions, 59 candidate items were generated to form an initial draft of the CKD-SE. Content validity was evaluated by a panel of eight experts which included two nephrologists, two dietitians, two CKD case managers and two nurse educators who specialize in CKD practice. These experts rated the relevance and wording of each item using a four-point Likert scale, with scores as follows: 1-least relevant, 2-somewhat relevant, 3-quite relevant and 4-most relevant. If an expert rated any item <4, the expert was asked to provide his or her suggestions for modifying or eliminating the item. The content validity index (CVI), which is defined as the proportion of experts who rate items as 3 or 4 [23] , was used to analyze the experts' ratings of relevance and clarity of items. The panel's evaluation resulted in a total CVI score of 0.89. Nine additional items were added to the initial draft of CKD-SE based on recommendations from the experts. Furthermore, problematic items were revised or reworded based on the suggestions from the expert panel. The final draft of CKD-SE contained 68 items.
To overcome the difficulties in translation of the instrument from the original draft in the Chinese language to English, we employed several strategies to enhance precision of the translation process. The CKD-SE instrument was developed and tested through two phases. First, the content validity of Chinese versions was examined by eight experts. Then the Chinese version of the instrument was translated into an English version by the first author who is bilingual with doctoral preparation. Moreover, one of the co-authors is an American professor who is an expert in the area of self-management and self-efficacy and was able to further refine the English version. In the second phase, the first author developed the original draft in Chinese of CKD-SE instrument worked together with a Chinese expert in English to evaluate semantic equivalence between the Chinese and English version and made appropriate revisions and formed the formal English version.
To evaluate the face validity of the 68-item CKD-SE, 15 Taiwanese volunteers with early stage CKD from the three data collection sites used in this study were invited to test the instrument for clarity, comprehension and ease of response. Forty percent of the volunteers (n = 6) were male and their age ranged from 50 to 79 years old (M = 67.5, SD = 8.8).
Of the volunteers, 66% (n = 10) were elementary school graduates and the remainder were high school graduates. Also, 93% of the volunteers were at either CKD Stage 2 or Stage 3. The CKD-SE was rated by the volunteers using response options 1 (not at all confident) to 10 (totally confident). These 15 volunteers found the instructions easy to follow and only had difficulty with items presented in a negative manner. Based on this response at the pre-testing stage, we changed all reverse items into a positive mode voice.
Data collection procedure
Data were collected by three trained investigators from November 2007 to September 2008. Before data collection, human subject approval was obtained from the Kaohsiung Medical University Institutional Review Board (KMUH-IRB-940359). For study enrollment, nephrologists and CKD case managers at each of the data collection sites referred potential subjects from the CKD outpatient clinics to the investigators. Five hundred and ninety-four patients with CKD Stages 1-3 were recruited into the study from two medical centers and one regional hospital in southern Taiwan. The investigators provided the subjects with a selfreport questionnaire after receiving their written informed consent and also remained with the subjects in a quiet setting to answer any questions. Generally, it took 15-25 min to complete the questionnaire. The investigator assisted subjects with low literacy in completing the questionnaire, which took ∼30-45 min. Upon completion of the questionnaire, participants were compensated with 200 NT dollars. The 85 study participants, who were willing to fill out the questionnaire again, 2 weeks later, were mailed a second copy of the CKD-SE. Of these, 26 participants returned their completed questionnaires in the provided selfaddressed stamped envelope.
Data analysis
Data were analyzed using SPSS 15.0. Descriptive statistics were used to describe the demographic variables and individual item scores. Item analyses were used to decide which items on the instrument should be eliminated and which would be kept [24] . In this study, items that met any two of the following criteria were eliminated: (i) the means of the items were extreme or their variances were zero; (ii) an item with skewness >3 or kurtosis >10, indicating serious departures from normality in a distribution [25] ; (iii) the critical ratio value of an item was found to be insignificant; (iv) the corrected item-total correlation was <0.3 [26] ; (v) Cronbach's alpha of the total scale increased when an item was dropped and (vi) items having communalities <0.4 and factor loading <0.5 were removed [27, 28] .
Exploratory factor analysis (EFA) using principal component analysis in this study was used to assess the factor structure. The Kaiser-MeyerOlkin (KMO) test of sampling adequacy and Bartlett's test of sphericity were performed. The number of factors to be retained in this study was determined by the parallel analysis which is one of the most accurate methods of deciding the appropriate number of factors to retain [29] . Items were selected in this study according to the following four criteria: (i) factor loading >0.5, (ii) minimum factor membership of three items, (iii) no cross factor loaded items and (iv) conceptual coherence of items with its corresponding factor. Internal consistency was assessed by determining Cronbach's alpha coefficients for overall scale and subscales. Cronbach's alpha coefficients >0.70 were considered satisfactory [30] .
Result
Sample characteristics
Five hundred and ninety-four subjects completed the CKD-SE, 63.8% (n = 379) were male and age ranged from 23 to 86 years old (M = 61.1, SD = 14.4). The majority of the subjects (78.8%, n = 468) were married and more than half of the subjects (55.1%, n = 327) had graduated from high school. Most subjects (81.0%) were CKD Stage 2 or Stage 3.
Item analysis
The distributions of each item and subscale were generally symmetrical. Based on the criteria for dropping item as defined above, 10 items (including Item 1, 5, 6, 16, 27, 28, 30, 42, 65 and 67) were eliminated from the 68-item CKD-SE. The 58 remaining items were kept after the item analysis (see Table 1 ).
Exploratory factorial analysis
The factor structure of the 58-item CKD-SE was analyzed with a sample of 594 adults with CKD using principal components to extract factors. The KMO value was 0.97, indicating excellent sampling adequacy and relatively compact patterns of correlation, such factor analysis should produce distinct and reliable factors [31] . Bartlett's test of sphericity was significant (chi-square = 23 913.24, d.f. = 1653, P < 0.000), indicating that there were some relationships between the variables [31] . Oblique promax rotation procedures were used as the method of factor rotation because CKD-SE factors were assumed to be correlated.
Data from the parallel analysis indicated that four factors with 58-item are the most appropriate number of factors to retain. Thirty-three items were eliminated from the draft of 58-item CKD-SE because of factor loading <0.5 or cross factor loaded items. A four-factor solution for the 25 remaining items provided the most meaningful factor pattern. Factors were labeled 'autonomy, self-integration, problem solving and seeking social support'. The factor structure was described as follows.
Factor 1 is 'autonomy' consisting of eight items with factor loadings ranging from 0.56 to 0.97 and accounted for 42.54% of the variance. The factor focuses on patients' confidence to express freely and comfortably their own concerns or questions about disease and treatment. Factor 2 has seven items, called 'self-integration', with factor loadings ranging from 0.65 to 0.94 accounting for 10.37% of the variance. This factor reflects patients' confidence in adjusting their lifestyle and implementing recommended regimens and self-care activities in order to achieve a balanced life. For example, Item 33 'I can adjust the self-management of my CKD to fit new situations'.
Factor 3 named 'problem solving' contains six items with factor loadings ranging from 0.60 to 0.87, accounting for 6.64% of the variance. This factor reflects the patients' confidence to learn disease-specific information to achieve better disease control. For instance, Item 51 'I can find information about kidney disease from a variety of sources'.
Factor 4 is composed of four items with factor loadings ranging from 0.60 to 0.82, accounting for 4.79% of the variance and is labeled 'seeking social support'. The factor focuses on patients' confidence in seeking support from significant others to cope with their disease. For instance, Item 43 'I can actively discuss my treatment plan with my family and/or friends to gain their support'.
Reliability
Cronbach's alpha was used to assess the internal consistency reliability of the total scale and sub-scales. Cronbach's alpha for the 25-item CKD-SE total scale was 0.941 and the coefficients alpha of the sub-scale ranged from 0.843 to 0.901 ( Table 2 ). The stability of the CKD-SE was assessed using Pearson's correlation coefficient for measuring 2-week test-retest reliability. The test-retest correlations for the CKD-SE was 0.720 (P < 0.001, n = 26).
Discussion
This study developed and tested a new instrument for measuring DSE among Taiwanese adults with early stage CKD. In this study, the Cronbach's alpha coefficient for the CKD-SE was 0.94 and each of the four subscales ranged from 0.84 to 0.90 indicating good internal consistency for this newly constructed instrument. In addition, the result of test-retest analyses indicated the CKD-SE was relatively stable over a 2-week period.
As the majority of CKD are treated within the community, the role of the patients' self-confidence relating to the successful self-management of their own chronic condition becomes increasingly important. Having autonomy implies that patients have the capability to make decision and perform self-management tasks related to disease and treatment planning and implementation [32] . The acceptance of having chronic illness enables patients to identify one's desires or preferences as well as having free will to manage the disease and recommend regimens [33] . To achieve a desired life, patients should feel confident in managing treatment plans, discussing illness and treatment plans with health professionals as well as sharing illness experiences with other patients comfortably. As a result, items originally distributed in the dimensions of 'interact productively with health professionals and significant others', 'solve problems related to CKD' and 'manage emotions effectively' were synthesized into a new dimension called 'autonomy'.
To live a balanced life, patients with CKD should have the ability to integrate their illness and their self-care activities into a variety of situations (e.g. social activities) within their daily life. As Whittemore and Dixon [34] stated, integration is a non-linear and unpredictable process. Patients with chronic illness should make the effort to integrate the illness into their daily life and participate in a personally meaningful life by which they can achieve an optimized wellness. This reflects our finding as to why the items in the original 'engage in productive CKD self-care' dimension were merged into the 'self-integration' dimension.
Patients with chronic illness often encounter a variety of problems relating to their disease, and its treatment and their personal life. If patients want to manage CKD effectively, they must actively gain disease-specific knowledge and skills to solve the problems related to the disease. This reflects the problem-solving model of Hill-Briggs [35] which states that people should identify their problems and determine possible causes through seeking resources or applying the knowledge and skills they have learned. This is why the original dimension of 'actively learning the skills and knowledge necessary to control CKD' was merged to the dimension of 'problem solving' after conducting the factor analysis.
Emotional problems are evident in patients with chronic illness and may compromise self-management efforts [36] . Thus, emotion management is a critical component in selfmanagement of patients with chronic illness [37, 38] . Research has shown that friends, family and health professionals can provide essential support and assistance in self-management [39] . To cope with their disease and emotions resulting from their disease, patients should be able to seek the support from significant others and health professionals. This can explain the rationale for the two original dimensions of 'manage emotion effectively' and 'interact productively with health professionals and significant others' were combined and formed a new dimension labeled 'seeking social support' in the final version of CKD-SE.
The four conceptual dimensions (i.e. autonomy, selfintegration, problem solving and seeking social support) discussed above were a synthesis of the six original dimensions used in the initial stage of instrument development in this study. The four factors identified from the empirical data had robust psychometric characteristics and accurately reflected the challenges involved in managing CKD.
Limitation and conclusion
This new instrument of CKD-SE demonstrated satisfactory psychometric properties to measure DSE of Taiwanese patients with early stage CKD. However, to determine generality of the results, further studies need to be carried out in different populations within an international context. To obtain stable structural validity, it is suggested that conducting a confirmatory factor analysis by another sample to confirm the factor structure under the hypothesized model established in this current study. Although the sample size for the test-retest was small, the result indicated an acceptable level supporting the CKD-SE instrument's stability.
Implications for clinical practice
Early detection and adequate treatment can delay the progression of CKD. To our knowledge, the CKD-SE developed in this study is the first instrument designed to measure DSE in patients with early stage CKD. This instrument can be used by health care providers for the early identification of patients with low DSE and thus set the stage for early interventions that can help patients to Continued develop the DSE necessary to manage CKD effectively. The CKD-SE is thus likely to be valuable not just to researchers but also to clinicians who wish to address confidence issues related to self-management. This promising instrument may well facilitate the identification of patients in need of targeting interventions and further pinpoint the specific areas, on an individual patient basis, that would most benefit from proper interventions. 
